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UQVm INKS USING AN ORGANOSOL PBEPARED 
FROM 3^,5-TRIMETHYLCYCLOHEX¥L 
METHACRYLATE 

TECHNICAL FIELD 
This invention relates to liquid ink conq)ositions, in paiticular, to ingments 
di^ersed in oiganosols to provide improved ink oompoations and liqmd toners ibr 
use in ink transfer, ionogn^hic^ electrogrBphic and dectiopliotqgrapliic printiDg 
processes. 

BAOSGBOUND 

Liquid inks are viriddy used in a variety of printing processes^ &v example 
ofi&e^ intaglio, rotogravure, Inkjet and etectrographic printing. Many of the desired 
diaracteristics of the pigment disperrions used m^ liquid inks are the same for each 
of the respective jH-ocesses even though the final ink formulations may be 
substantially different For eran^le^ the stability ofthe pigment dispersion both on 
the shelf and under shear conditions is an important considoation r^ardless of the 
final use of the liquid uk. The art continuously searehes for more stable pigment 
dispersions to provide more flexibility m ink formulations that m turn yields better 
effiden^ and ivaste reduction in the various printing processes. 

Hectrographic printmg refers to a printing process that uses an applied dectric 
field and charged particles to produce a printed image on a recqrtor material The art 
generally refers to the charged particles as tonen. Electrographic printing generally 
mcludes electrostatographic printiuig, ionograpUlcprintiqft dectrophotogt^c 
printiiig and the like. In dectrophotographic applications, which indude devices such 
as photocopier^ hser prirters^ fiicsimUe nuushmes and the like, the toners 
the form of dry partides or partides dispersed m a carrier liquid. Partides dispersed 
m a liquid medium for unagmg purposes are generdly refen^ to as liquid inks, 
liquid toners or liquid devdopers. 

Generally, the dectrophotographic process includes the steps of formmg a 
latent electrostatic image on a charged photoconductor by exposmg the 
photoconductor to nwfiation in an imagewise pattern, developing the image by 
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contacting the photoconductor with a liq^d develop^:, and iBnally transferring the 
image to a receptor. The final transfer step nmy be performed either directly or 
indirectly through an intermediate transport memb^. The developed image is usually 
subjected to heat and/or pressure to permanently fiise the image to the receptor* 

5 la the field of electrogrqihic printing, particularly electrophotographic 

printmg» a variety of both liquid and dry developing cranposidons have been 
en^byed to develop the latent electrostatic images. Dry toner con^ositionssufiEer 
from a number of disadvantages. For example^ dry toners are known to be difficult to 
control during the latnt unage developmmit and transfix processes; this leads to toner 

10 scattff within the printer device and may create excessive amounts of dust ami 

abrauve wear of the printer components. Some dry toner conqtositions must also be 
fixed by fiising at elevated tenqperature, which requires a large source of energy and . 
may limit the choices of receptor materials to \^ch the developed lat^ image may 
be transferred. Moreover, dry toners must be triboelectrically charged, which makes 

15 the printii^ process very sensitive to both the temperature and humidity of the 

ambient air and iiiay result in priritiiig delays due to diargeeq^ Thelimited . 

particle size ofthe toner is anothtf disadvantage of dry tonm. If the particle size is 
piftll^ the dry toner can become aifhornfi and create a potential health hazard due to 
inhalation of diepartides. On the other hand, the larger particle suzes mate it difficult 

20 to obtain high resohition images. 

Many of the disadvantages accompanying the use of dry toaar compositions 
have been avoided by the use of liquid developers or toners. For example, liquid 
toners contain smaller particles than dry tonm resulting in higher resolution images. 
In addition, liquid toners are not triboelectrically diarged; therefore, they are mudi 

25 less sensitive to changes in ambient temperature and humidity. Since the toner 
particles in a liquid develops are contained within a fluid phase, toner scatter and 
dust accumulation do not occur within the printer. In addition, the particles being 
contained wrtiiin a liquid matrix will not become airborne thus eliminating the risk of 
mhalation of the particles. 

30 Liquid toiiffl^typicaUy comprise an electrically insulating Uquid that serves as 

a carrier for a dispersion of charged particles known as toner particles conq)Osed of a 
colorant and a polymeric binda:. A charge control agent is often included as a 
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component of the liquid developer in order to lepilate the pnlarity miH magnihv^A ^ 

the chaige on the toner particles. liquid toners can be cat^orized into two primary 

classes, convenience the tvro classes wiM be refiaied to as convex 
toners and oiganoscd toners. 

Of particular utiKty are the class of Kquid toners which make use of self-stable 
graft copolymers dispersed in an orsganic solvent (organosols) as polymeric binders to 
promote self-fixing of a developed latent image. U.S. Patent Nos. 3,753,760; 
3,900,412; 3,991,226; 4,476,210; 4,789,616; 4,728,983; 4,925,766; 4,946,753; 
4,978,598 and 4,988,602 describe compositions and uses of graft copolymer 
organosols. Exemplary Hquid electrophotographic, pigmented inks made using self- 
stable graft copolymer organosols are ilhistrated by J^S^ in U.S. 3,900,412. 

Self-stable organosols are colloidal (0.1-1 micron diameter) particles of 
polymeric binder ^ch are typicalty synthesized by nonaqueous dispersion 
pofymerization in a low didectiic hydrocaibon solvent These organosol particles are 
sterically-stabiUMd with respect to aggregation by the use of a physically-adsorbed or 
chemicaUy-grafted sohible polymer. Details of the mechanism of such steric 
stabilization are provided in Napper. PS.. Polymeric StahilizaHon of Colloidal 
Pispersions , Academic Press, New York, NY, 1983. Procedures for effecting the 
synthesis of self-stable organosols are known to those skiUed in the art and are 
described in Dispersion Polvmeriation in rVp ^^j^ vf^^jf re. J. Banetl, ed., John 
Wiley: New Yorl^ NY, 1975. 

The most commonly used non^lqueous dispersion pobnmerization method is a 
free radical polymerization carried out when one or more etl^lenically-unsaturated 
(typically acrylic) mononuss, sohible in a hydrocarbon medhun, are polymerized in 
the presence of a prefimned amphipatfaic pdymer. The preformed anq>hipatfaic 

polymer, comnronty referred to as the stabilizer, has two distinct ends, one essentially 
insoluble in the hydrocarbon medium, the other fieely sohible. When the 

polymerization proceeds to afiactional conversion of monomer corresponding to a 
critical molecular weight, the sohibiHty limit is exceeded and the polymer precipitates 
fiom sohition, fonnmg a core particle. The amphipathic polymer then either adsorbs 
onto or covalently bonds to the core, which core continues to grow as a discrete 
partide. The partides continue to grow until monomer is depleted; the adsorbed 
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aisphipathic polymer "shell" acts to stoically-stabilize the growing core particles widi 
req>ect to aggregation The resulting core/shell polymer particles comprise a self- 
stable, nonaqueous coUoidal dispersion (organosol) conq;)rised of distinct spheric 
partides in the sze (diameter) range 0.1-0.5 microns. 

5 The resultii^ organosols can be subsequently convierted to liquid toners by 

dnq>le incoipoiation of the cdotant (pigfaeat) and chaige director, foUowed by lugh 
shear homo^mization, ball-milling; attiitor milling, high enetgy bead (sand) milling 
or other means known in the art for effecting partide size reduction in a dispersioa 
The mp\A of mechanical enecgy to the disfpersion during milling acts to break down 

10 aggregated pigment particles into primary particles (0.05-1 .0 micron diameter) and to 
"shred" the organosol into fiagments which adhere to the newly-oreated pigment 
sur&ce, thereby acting to sterically-stabilize the pigment partides with re^>ect to 
aggregation. The charge director may physically or diemically adsorb onto the 
pigment, the organosol or both. The result is a sterically-stabilized, charged, 

15 nonaqueous pigment disp^on in the size range 0. 1-2.0 microns, with typical toner 
partide diameters between 0. 1-0.5 microns. Sudi a sterically-stabilized disp^on is 
ideally suited for use in higih resolution printing. 

IUq[»id sdf-foring b a criticd requiremmt for fiquid toner perC^^ 
avoid printing defects (sudi a smearing or trailing-edge tailing) and inconq[>lete 
20 transfer in high speed printing. A description ofthese types ofdefects and mrthods of 
preventing them using film forming compositions are described in U.S. Patent Nos. 
5,302,482; 5,061,583; 4,925,766; 4,507,377; and 4,480,022. 

Another inq>ortant consideration in formulating a liquid toner is the tack of the 
image on the final receptor. Iftfaeiniage has a residual tack, then the image may 
25 become embossed orpicfced offwhen placed in contact with anotiier sur&ce. litis is 
e^edally a problem when printed sheets are placed m a stack. If the image is tacky, it 
may transfer to the badcside of the adjacent she^ To address tins concon, a film 
l aiftitnfltft AT pmtecrive layer is ij^tcally placed aver the surface of the image. This 
adds both extm cost of materials and extra process steps to q>ply the protective layer. 

30 Anoth^ issue relating to images printed usmg liquid inks is image durability. 

Durability refers to the resistance of the printed images to damage by bloddng when 
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printed sheets are Stacked, erasnie iBffl^ 

reastance. Generalty, images printed with liquid toi^ 

printed using dry tonera. Hie lower durabUity of Kquid ink printed images may result 
fiomavarietyofreasonsknowntothoseskilledintfaeart These indude the 
relatively lower thickness of printed ink films made using liquid tonera, the relatively 
lower adhesive strength of some liquid toners to their print receptors, and the 
relatively lower cohesive strength of some printed liquid toners due to the 
comparatively lower glass transition temperature of the polymeric binders used in 
these liquid inks. 

Various methods have been proposed to improve the durability of printed 
images made using liquid toners. In particular, U.S. 5,886,067 describes inqtroved 
durability Uquid inks comprising a controUedcrystallmity organosol that is not a gel 
organosol The controlled crystallinity organosol conqjrises an insohible core and a 
sohAIe graft stabilizer prepared fi»m a side-chain or main chain crystalliziiig 
polymeric moiety that independently and reversibly crystallizes at or above 22'C. 
Such con&otted crystallinity organosols inqwrt improved btocking resistance^ eras^ 
resistance and abrasfonredstance to liquid inks containing the organosol Suitable 
oystallizing polymeric moieties for incorporation into a graft stabilizer indude >Ci4 
acrylic and metbacryUc esters, which do not fium gel organosols based upon 
sdubUity parameter difference between graft stabilizer and carrier solvent 



SDMMAIOr OF THE INVENTION 

In one aspect, the invention features a rapidly self-fixmg ink useful as a liquid 
toner in ionographic or electrographic (electrophotographic or electrostatic) imagmg 
and printing processes. The ink is comprised of a polymeric binder in the fimn of a 
graft copolymer dispersed in an organic solvent or solvent blend having a Kaurir 
Butanol (KB) number less than 30, and optbnally contains one or more cobnmts. 
Thecolorantsmaytaketheformofdyesorpigments. One or more charge controllii^ 
additives may optionally be added to the ink fitranilatioa 

"Kauri-Butanor refers to an ASTM Test Method D1133-54T. TheKauri- 
Butanol Number (KB) is a measure of the tolerance of a standard sohition of kauri 

renn in 1-butanol to an added hydrocariwn dihienl and is measured as the vohime in 
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milliliters (inL) at 25**C of the solvent required to produce a certain defined degree of 
tuibidity when added to 20 g of a standard kauri-l-lmtanolsoluti^^ Standard values 
are toluene (KB = 105) and 75% by vohime of heptane with 25% by vohime tohiene 
(KB - 40). There is an approximately linear relationship between the Hildebrand 
5 sohibility paramet^ and the KB number for hydrocarbons: Hildd>rand Solubility 
Parameter (MPa^'*) = 2.0455[6.3 + 0.03KB (mL)]. 

The graft copolymer is comprised of a sohible or maiginally insohible high 
molecuhff weight (co)polymeric steric stabilizer ("graft stabilize") covalentfy bonded 
to an insoluble, high molecular wdgfat thermoplastic (co)polymeric badcbone 

10 ("oi:ganosol core**) prepared fi^om a monomer nuxture that includes 3,3,5- 

trimethylcycIohMylmethacrylate(TCHMA). Thehomopolymerof TCHMAhasa 
Tg substantially higho- than ambient temperature (125^Q, yet is soluble in many 
common carrier liquids. By incorporating TCHMA in the core, the core imbibes 
carrier liquid, therd>y plastidzing and/or tackifying the core. As a result, the effective 

15 Tg of an image prepared using a ton^ that inchides the organosol is low^ed while 
residual carrier liquid is present This means that transf^ef&cienc^ will not be 
compromised as it would i^en preparing higher Tg organosol cores employing solely 
moiiomers whose homopolymm are insoluble in the carrier liquid. Ihadifition^by 
umig the higher Tg ocm formulations prepared with TCHMA, when the unage is 

20 adequately dried during the fiwng process, the efifective Tg of the organosol core can 
be dose to or above ambirat temperature (24^. Consequently, the dried unage is 
nonrtacky and ediibits superior bloddng resistance relative to fbrmuladons prepared 
using lower Tg cores. 

The liquid inks will be described below with respect to electrophotographic 
25 printing; however, it is to be und^ood that these liquid inks are not limited in their 
utiliQr and may also be employed mother dectrogr^hic printing processes^ high 
speed printing presses^ photocopyii^ iq[>paratus, microfilm reproduction devices, 
&cdnule printing, ink printer, mstcument recordmg deivices, and the like. 

The details of one or more embodiments of the invention are set forth in the 
30 accompanying drawings and the desoiption below. Other features, objects^ and 
advantages of the invration will be apparent fiom the description, and fiom the 

claims. 



6 



wo 01/79318 



PCT/USOl/40395 



DE1AIIJED DESCBIPnON 
A liquid ink composition is provided comprising a colorant and an organosol 
dispmed in a liquid or liquid blend having a Kauri-Butanol (KB) number less than 
30. The (Kganosol is an amphipaAic copolymer conq>rised of a soluble or marginally 
insoluble high molecular weight (co)polymeric steric stabilizer covalendy bonded to 
an msohble, thatnoplastic (co)polymmc core that inc^ 
TCHMA. The covalently bonded graft steric stabilizer piefoably is cr^^^^ 
such an extent that it bdiaves as an extremely high molecular weight copolymer near 
its indpient phase separation point in the dispersant liquid. The crosslinked graft 
stabilizer remains in.a freely flowing easily handled solution untU the graft stabilize 
is covalently bonded to the insoluble core, at which pomt an organosol is fonned. 

Superior stability of the dispmed ton^ particles with respect to aggregation is 
obtained when at least one of flie pdymers or copolymers (denoted as the stabilizer) is 
an amphipaihic substance containing at least one oligomeric or polymeric component 
ofmolecularwdghtatleastSOOthatissoh^bythecam^ In odier words, 
the selected stabilizer, if present as anmdqiendent molecule, would have some finite 
sohibility in the canio: liquid. 

The solubility of a material in a given solvent may be predicted from the 
absolute difference in I£ldebrand sohibility parameter of the solute relative to the 
solvent The solutes will exist as true solutions or in a highly solvated state vrfien the 
absolute difference inEGldebrand sohibility paramet^ is less than approxunately 1.5 
MPa^. When the absolute difiference in Mdd)rand solubility parameter exceeds 
approxunately 3.0 MPa^, the solute will phase separate from the disperaant, fi3immg 
a solid, insoluble, non-flowing, non-gelled mass. Those solutes having an absohite 
difference mSSldebrand sohibility parameters between 1.5 MPa^ and 3.0 MPa^are 
considered to be wealdy solvated or maiginally msohible. 

The sohibility parametera of the graft stabilizers, as well as the cairier liquids 
m which the stabiUzers are dispersed, are calculated using vahies for the Hildebrand 
sohibility parameter of the monomers used to prepare the graft stabilizer and the 
carrier liquids obtained using the group contribution method developed by Small, P. 
A., J. Appl, Chem,, 3, 71 (1953) using Small's group contribution values listed in 
Table 2.2 on page VII/525 m the PolvmerHandlyn^lr, 3rd Ed., J. Brandrup & E. H. 
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Immeigut, Eds- John Wiley, NY, pp 519-557 (1989). The BQldebrand sohibility 
paramet^ for a copolymo' may be calculated using a volume fraction weighting of 
the individual Hildebiand solubility parameters for eadi monomo* comprising the 
copolymer. Sinularly, the HUddbrand sohibility parameter for a mb^ 
calculated uang a vohime fraction weighting of tiie individual Hildebrand sohibility 
paiametefsfiireadioonvonentofthemfacture. Tfaus^ the HJlddirand sohibility 
parameter fiir a nodxture of solvents or pdymerizable confounds may be calculated 
using a volume fraction weighting of the individual Bildebrand sohibility parametm 
for each chanical con^)Ound compri^g die solvent mccture. 

Table 1 lists the Hildebrand solubility parameters for some common carrier 
liquids used in an electrophotographic toner and the ffildebrand solubility parameters 
and glass transition tenqieratures for some common monomers used in synthesizing 
organosols. 

Table I imidebraiid Solubilily Parameters 
Solvent Values at 2S^C 



SdventName 


Kanii-Batanol Number 
by ASTM Method 
D1133-S4T(niL) 


Hndebrand Solubility 
Parameter (MPa'^) 


NGRPARlSsotvent 


18 


13.99 


NOBPARlSsolveiit 


22 


14.24 


NORPAR 12 solvent 


23 


14.30 


ISQPARV solvent 


25 


14.42 


EXXSOL D80 solvent 


28 


14.60 



Source: Calculated from equation #3 lof Polvmw TTandhoofc, 3rd Ed, J. 
Biandiup E.H. Immergut, Eds. John Wiley, NY, p. VI1/S22 (1989). 
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Monomer Valnes at 2S^C 



Monomer Name 


HUdebrand Solubility 
Parameter (MDPa^) 


Caass Transition 
TmperatureCQ* 


n-Octadecvl 

Methacrylate 


16 77 


.inn 


n-Octadecyl Acrylate 


16.82 


-55 


Lauiyl Methacrylate 


16.84 


-65 


Lauryl Aory late 


16.95 


-30 


2-Ethylhexyl 
Methaoyiate 


16.97 


-10 


Z-Etl^lhexyl Acrylate 


17.03 


-55 


n-Hexyl Methacrylate 


17.13 


-5 


t-Butyl Methacrylate 


17.16 


107 


n-Butyl Methaoylate 


17.22 


20 


QrHexyl Aaylate 


17.30 


-60 


n-JSutyl Acrylate 


17.45 


-55 


Ethyl Metfaaa]date 


17.90 


66 


Ethyl Aery late 


18.04 


-24 


Methyl Methacrylate 


18.17 


105 


Vinyl Acetate 


19.40 


30 


Methyl Acrylate 


20.2 


5 



Calculated uaqg Small's Gnnq> Contribotion Method, Small, F.A. Journal of 

AppKod Chemistry 3 p. 71 (1953). Using Group ConttHmtioiis from Polvmer 

5 SaQdl2SS2lE>3idEd.,J.Braodrap EJLImmeiBut,Ed8., JohnWaey,MY,p. VII/525 
(1989). 

♦Polvmer Handbook; 3rd Ed., J. Biandiup EJI ImmeiBut, Eds., John Wiley, 
NY, pp. VIl/209-277 (1989). 

The carri^ Uquid may be selected fiom a vride variety of materials that are 
10 kmmn in the art, Init preferably has a KaiirirButaiiol number less tha^ The liquid 
is typically oleophilic, chemically stable under a variety of conditions, and dectrically 
insulating. Electrically insulating refos to a liquid having a low didectiic constant 
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and a high electrical resistivity. Preferably, the liquid has a dielectric constant of less 
than S, more pre^bly less than 3. Electrical resistivities of carrier fiquids are 
typically greater than l(f Ohm-cm, more preferably greater than 10^^ Ohm-cm. The 
cani^ fiquid pre&rably is also relativdy nonviscous to aUow movement 
charged partides during devdopm^ and suffidently volatile to permit its removal 
fiom die final unaged substrate, but suffidentfy nonrvolatile to mhumize evaporatwe 
losses in the devdoper. In ad^tion, the carrier liquid should be chemically inert vrith 
respect to the tw^t^flla or equipment used m the liquid dectrophotographic process^ 
particularly the photoreceptor and its rdease surfice. 

Examples of suitable carrier liquids include aliphatic hydrocarbons (nrpentane, 
hexane, heptane and the like), cycloaliphatic hydrocarbons (c^clopentane, 
cyclohex:ane and the like), aromatic hydrocarbons (benzene, tohiene, xylene and the 
like), halogenated hydrocarbon solvents (dilorinated alkanes^ fluorinated alkanes^ 
dilorofluorocarbons, and the like), silicone oils and blends of these solvents. 
Preferred carrier liquids hidude branched parafiSiuc solvent blends such as those 
commwdally available under the trade deagnations ISOPAR G, ISOPAR H, 
ISOPARK, ISOPARL, ISOPAR M and ISOPAR V (available fiom Exxon 
Corporation, NI), and most prefoied carriers are the aliphatic hydrocarbon solvent 
blends such as those commerdally available under the trade designations NORPAR 
12, NORPAR 13 and NOBPAR IS (available fromExxon Corporation, NJ). 

The organosol is a graft copolymer prepared by chemically bonding a 
generally soluble (co)polymer to a generally insoluble (co)polymer resin core that 
includes units derived from TCHMA Any number of reactions known to those 
skilled m the art may be used to efifect grafting of the soluble polymeric stabilizer to 
the orgaiiosol core during free radical polymmzatioiL Conunon grafting methods 
uiclude random grafting of polyfimctional free radicds; ring-opening polymerizattons 
of cyclic ediers^ esters, amides or acetals; epoxidations; reactions of hydnn^l or 
amino chain transfer agents ivitfa tenninally'^unsaturated end groups; esterification 
reactions Q.e., gtyddyl methacrylate undergoes tertiary-amine catalyzed esterification 
ivith m^hacrylic add); and condensation polymmzarion. 

The composition of the graft stabilizer is normally selected such that the 
Hildebrand Solubility Parameter of the graft stabilizer (shell) closely matches that of 

10 
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the caiiier liquid in order to ensure tbattbe stabilizer will be sufBdently solvated to 
dissolve in the carrier solvent Virtualfyan^pofyn^rizable confound liiatadubits a 
Blldetond SohibilitK Parameter <fifference less than 3.0 MPa^ relative to the carrier 
liquid niay be used in formmg a graft stabilizer. In addition, poiy^^ 
CQnq[)ound8 that eadubit a ESldelmmd Sohibiltty Paramo (fifference greater than 3 .0 
MPa^ relative to the carrier liquid may be used in formii^ a copolymeric graft 
stabilizer, provided that the effective Hildebrand Sohibility Parameter difference for 
the stabilizer is less than 3.0 MPa^'^ relative to the carrier liquid. The absolute 
difference in Hildebrand Solubility Parameter between ibe graft stabilizer (shell) and 
the carrier liquid is pref^bly less than 2.6 MPa'^. 

Preferred polymeribd)le conq)oundsusefid in fi)rmuig the graft stabilizer ate 
the Cfi-Cso aci3dic and methao]^ esters. Exanq[>Ies of suitable polymerizable 
conqiounds fixr use in tiu graft stabilizer con^omtion norMsretosivdy incfaide 
monomers such as, hexyl acrylate, 2-€thylhe3qrl aoylate, decyl acarylat^ dodecyl 
Oauiyi) acrylate, octadecyi (steaiyl) annate, behenyl acrylatei, hexyl methaoylate^ 2- 
e(]i3dhe^l(meihaaylateX decyl acr^date, dodecyl (jwayi) methaoylate, octadet^ 
(steaiyl) m^haoylate and oAer all^l aoylates and methacrylates. 

Preferrably, the polymerizable conq)ounds are also oystallizable conqjounds 
having crystallization (melting) temperatures above room temperature (25**C), Sudi 
crystallizable, polymerizable compounds are particularly usefijl in fi>rming graft 
stabilizers that yield organosols and inks exhibitmg improved image durability, 
indudingbloddng and erasure resistance. Crystallizable, polymoizable compounds 
suitable for incorporation into a graft stabilizer inchide >Cx4 acrylic and methaoylic 
esters. Prefnable oystallizable, polymerizable compounds inch^ octadec^ aoylate 
and behenyl aoylate. 

Otho-fflononieais^ maonomers, orpolymasmaybeuseddtheralraieorin 
cor^unction with the afivementioned mat^s, including melamine and melamine 
fiumaldeltyde resms, phenol fimnaldehyde resins, epoj^ resins, polyester reans, 
styrene and styrwie/acrylic copolymws, actylic and methaaylic esters, cellulose 
acetate and cellulose acetate-butyrate copolymers, and pofy(vinyl butyral) 
copolymers. 
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Pieferred molecular we^t ranges for the graft stabilize are 5,000-1,000,000 
Dahons (Da), more prefoably = 50,000-500,000 Da, most preferably = 150,000- 
250,000 Da. Hie polydispersity of the graft stabilizer also has an affect on imaging 
and transfer performance of the liquid toners. Generally, it is deshrable to m a int a in the 
polydisp^dty (the ratio of the weight-avmge molecular weight to the number 
averse molecular wei^) of the graft stabilizer bdow 15, more prefoably below 5, 
most preferably bdow 2.5. 

As discussed above, the organosol is a graft copolymer dispersion formed by 
covalently bonding the graft stabilizer to an insohible resui core. The grafting 
reaction generally occurs between a grafting site incorporated into the graft stabilizer 
and a reaction site in the polym^iztng or polymerized core. Preferably, the grafting , 
reaction proceeds by reaction of an isocyanate to a hydroxy! group to ft>rm a lurethane 
linkage betweai the stabilizer and the core. The grafting site is preferably formed by 
incorporating hydroxyl groups into the graft stabilizer during a first free radical 
pofymerization and catalytically reacting all or a portion of these l^droxyl groups 
with an etiiylenically unsaturated aliphatic isocyanate (e.g. meta- 
isopropei^ldimetiqrlbenzyl iso^anate [TMI] or isocyanatoetiqlmc^haarj^ [lEM]) 
to fism a urethane linkage durii^ a subsequent non-fieerad^ The 
graft stabilizer is then covalently bonded to the nascent msohible acrylic (co)polymer 
core via reaction of the nnsatiirated vinyl gnmp of the graftipg site witii elhylenically- 
unsaturated core monomers (e.g. vinyl esters^ particularly aoylic and metiiaoylic 
esters witii carbon numbers < 6 or vinyl acetate; vinyl aromatics^ sudi as styrene; 
aoylonitrile; n-vinyl pyrrolidone; vinyl chloride and vinylidene dibride) during a 
subsequent free radical polymerization step. 

Other methods of efifecting grafting of the preformed polymeric stabilizer to 
the indpient insohible core pattide are known to those skilled in the art. For 
example^ alternative grafting protocols are desoibed in sections 3.7-3.8 of Barrett 
DispersionPohoni^^^itinn in fVpanicMedfR, TC E T Barrett ed.. rJohn Wilev: New 
Yorl^ 1975), pp. 79-106. A particularly usefiil metiiod for grafting the polymeric 
stabilizer to core utilizes an anchoring group. The fimction of the anchoring groups is 
to provide a covalent link between the core part of the particle and the soluble 
component of the stmc stabilizer. Suitable monomers contmmng anchoring groups 
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include: adducts of alkenylazlactone comonotnerg an ttnartwrated micleophile 
containing hydroxy, amino, or mercaptangnaqps, sudi as 2- 
hydrojgrethylmrthacrylate, 3-hydroxypropylmethaciylate, 2-hydra3grediyIacrylate, 
pffitaerytfaritol triacryJIate, 44Qrdroxybiityvinylether, 9-octadeceQ-l-ol, dnnanyl 
alcohol, allyl mercaptan, metfaallj^lainme; and azlactones^ such as 2«-aIk:^l-4,4- 
dialkyladactone of the stnicbire 




whereR^ ==H, or alkyl having 1 to 5 caibons, preferably one caibon, R^andR^ 
are independently lower alkyl groups having 1 to 8 carbon^ pr^^ 

Most preferably, however, the grafting mechanism is accomplished by 
grafting an ^ylenically-unsaturated isocyanate (e.g., dimethyl-m-isopropenyl 
benzylisocyanate, available fiom American Cyanamid) to hydroi^l groups previously 
incorporated into the graft stabilizer precursor Q.e., hydroxy ethyl methacrylate). 

Tte insoluble organosol core is the dispensed phase of the graft copolymer 
dispersioa The core polymer is generally made insttuhy copolymerization with the 
stabilizer monomer. The solubility parameter of the core is generally chosen such tliat 
it difil^ substantially fiom that of the disperdon medium in order to ensure that the 
core monomers will phase separate duriiig diqiernon polymerization (forming the 
core). Preferably, the Hildebrand sohibility parameter difi^nce between the core as 
a vidiole and the carrier liqmd exceeds 3.0 MPa^. 

The core is prepared from a monomer mixture that includes TCHMA. The 
homopolymer of TCHMA itself is very sohible in the dispersant medium. However, 
it can be incorporated into the core in small amounts with monomers which, whm 
polymerized, are not very soluble in the carrier liquid; examples of the latter include 
Ci-Q acrylate and methaorylate esters sudi as, methyl acrylate, ethyl acrylate, butyl 
acrylate, methyl methacrylate, etfajd methacrylate), butyl methacrylate, styrene and 



13 



wo 01/79318 



PCTAJSOl/40395 



vinyl acetate. The efiEbct of incorporating TCHMA into the organosol core vAU 
generally be to cause carrier liquid absorption or swelling of the core. This can be 
particularly usefiil when higher core Tg's are desired, for example, to improve image 
durability, but v^en r^id self-fixing of the ink is still required in the imaging 
5 process. By increasing the afiBnityofthe core fbrthe carrier Uquid, the carrier liquid 
will be imbibed into the core and may act to plastidze the core^ permitting rapid self- 
fixing of an ink comprisong a high core Tg cnganosol even at taiq[)eratures bebw the 
normal minimum film-forming tempCTature, 

Preferably, theSldebrand sohibility paramo difference between the core as 
10 a whole and the carrier liquid exceeds 3.0 MPa^. The amount of TCHMA 

i 

incorporated into the core typically ranges between 1-30% w/w, more preferably 5- 
20%w/w, 

Other polymm which may be used dther alone or in conjunction witii the 
aforementioned iPflt^flk^ include melamine and melamine formaldehyde resins^ 
15 phenol formaldehyde redns, epoxy reans, polyest^ reans, styrene and styiene/acrylic 
copoiymersy acrylic and methacrylic esters, cellulose acetate and cellutose acetate- 
butyrate copoljrmers, and poly (vin^ butyral) copofymers. 

If the core^shell ratio is too high, th^e may be insufficient graft stabilizer 
present to sterically-stabilize the organosol with re^)ect to aggregation. If the 
20 core/shell ratio is too low, the polymerization may have insuffident driving force to 
form a di^ct particulate phase resulting in a copolymer solution, not a sdf-stable 
organosol dispersiorL The optunal weight ratio of the resin core to the stabilizer shell 
is on the order of 1/1 to 15/1, preferably between 2/1 and 10/1, and mostprefmbly 
between 4/1 and 8/1. 

25 The particle size of the organo sol also mfluences the imaging, drying, and 

transfer charactoistics of the liquid inks. Preferably, the primary particle size 
(determined with dynamic light scattering) of the organosol is between about 0.05 and 
5.0 microns, more preferably between 0.15 and 1 mioon, most preferably between 
0.20 and 0.50 microns. 

30 A liquid ink utili2dng the aforementioned organosol comprises colorant 

particles raibedded in the thermoplastic organosol resia Usefol colorants are well 
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known in the art and indude materialB such as dyes, gtaing, and pi gments . Pce&cred 
colorants are pigmaits that may be incorporated into the polyiner fesin, are ti<Mn}fm lly 
insobble m and ncaireac^ the earner Hquid, and are use^ 
making visible the latent dectiostatichnage. Examples ofsoitablecobnmts indude: 
pfalhalocjranine bhie (CX Figment Bhie 15:1, 152, 15:3, 15:4 and 16), monoaryUde 
yeUow (CX Figment Ydkm 1, 3, 65, 73 and 74), diarylide yeflow (CX Figment 
YeUow 12, 13, 14, 17 and 83X aiylamide (Hansa) yellow (CX Pigment Yellow 10, 
97, 105 and 1 1 IX Pigment YeMow 138, azo red (CX Pigment Red 3, 17, 22, 23, 38, 
48:1, 48:2, 52:1, 81, 81:1, 81:2, 81:3 and 179), quinacridone magenta (CX Figment 
Red 122, 202 and 209) and black pigments such as finely divided caibon (CABOT 
MONARCH 120, CABOT REGAL 300R, CABOT REGAL 350R, VULCAN X72) 
andtfaelike. 

For some aiqplications^ it is dearable to use the organosol without an added 
ootorant (dye oringment) to provide a dear protective overcoat fin- an undedying 
imageonapennanentreceptiMr. In sudi cases, the transparent ink be applied, Ibr 
example, using well-known coadqg or dectrographic devdopment processes, onto 
dther a temporary iniagmgrecqttor or peimanent imaging receptor. In tiie event tint 
the tranqiarait oiganosol is ai^lied to a pexmanent image Tea^pux, the organosol 

shodd be coated onto the surfiu» of the recqMor and ai^ undolying image in Older to 
paform as a protective overcoat In the event that the oiganosol is applied to a 
tenqiorary image receptor, conmderation must be given to the reversal of hiyers that 
occurs during ofl&et transfo processes. Thus, it may be necessary to coat or develop 
the transparent organosol as the first lay w on a photoreceptive element iqran which a 
multi-colored image is constructed in ordo- to insure that the transparent organosol 
acts as a protective topcoat upon ofi&et transfer of the image to a pomanent inuige 
recqrtor. 

The optimd weight ratio of resm (organosol) to colorant in the tono: partides 
is on the order of 1/1 to 20/1, preferably between 3/1 and 10/1, and most preferably 
between 5/1 and 8/L The totddi^ersed material in die carrier liquid ty[Mcally 
represents 0.5 to 70 weight percent, preferably between 1 and 25 weight percent, most 
prefeiabfy between 2 and 17 weight percent of Ae totd liquid devdoper con^oation. 
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The organosob can be used to &bricate liquid electiophotogr^hic toners that 
exhibit excellwt imaging characteristics in liquid immersion development. For 
example^ the organosol liquid toners exhibit low bulk conductivity, low free phase 
conductivity^ and low chaige/mass and hi^ mobility, all of which are desnable 
charactmstics for producing high resohition, background-fiee images with high 
optical density. In particular, the low hilk conductivity, low fiee phase co 
and low charge/mass of the toners allow them to adiieve high developed optical 
density ov^ a wide range of solids concentrations, thus improving tiieir extended 
printii^per&imance relative to conventional to^^ In addition, color liquid toners 
based jxpon these organosols cm devdopment form tran^aioat films that transmit 
inddrat light, consequently allowing the photooonductor layer to (fisdiarge. 

An dectrophotogr^hic liquid toner may be formulated by incorporating a 
diarge control agent into the liquid ink. The diarge control agent, also known as a 
charge director, provides uniform charge polarity of tiie ton^ particles. The charge 
director may be incorporated into the toner partides using a variety of methods such 
as diemically reacting the duuge director witii the toner partide, diemically or 
pfaydcally adsorbing the charge director onto tiie toner partide (resin or pigment), or 
^li^ l fl tin g the diarge director to a fimctional group incorporated into the toner partide. 
Apre&n^edniethodis viaafimctiondgroupbuihintotliegni^ Thecharge 
director inq>arts an dectricd charge ofsdected polarity onto the toner partides. Any 
number ofdiarge directors described in the art may be used. For example, the diarge 
director may be introduced in the fbrm of metal salts consisting of polyvalent metal 
ions and organic anions as the counterion. Suitable metal ions include Ba(II), Ca(II), 
Mn(n), Zn(n), Zi<rV), Cu(n), MQH), Cr(ni), Fe(II), Fe(III), SbCni), Bi(ni), CoOO, 
La(in), Pb(EO, MgOa), MoCni), Ni(n), Ag(0, Sr(n), Sn(rV), V(V), YOU), and Ti(IV). 
Suitable organic anions include caibo^lates or sulfonates derived firom diphatic or 
aromatic carboT^lic or sulfonic adds, preferably aliphatic fatty adds such as stearic 
add, behenic acid, neodecanoic add, diisopropylsalicylic acid, octanoic acid, abietic 
add, naphthenic add, octanoic add, lauric acid, taUic acid, and the like. Prefixed 
pointive charge directors are the metallic carbos^lates (soaps) described in U.S. Patot 
3,41 1,936, incorporated h^ein by ref^ mce, whidi indude alkaline earth- and heavy- 
metallic salts of &tty acids contaimng at least 6-7 caibons and (^dic diphatic acids 
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indudi n g n iip hfhenic add; inorepie&rted are pdyvalent metal soaps afareonium 
and alllmiIlun^ most prefimd is the zirco^^ 
HEX-CEM fiom Moooey Chemicals^ Clevdand, OH). 

The preferred chaige direction levels for a given toner formulation wiU dq)end 
upon a numbtf of &ctors, including the conq)osition of the graft stabilizer and 
organosol, the molecular weight of the organosol, the particle size of the organosol, 
the core/shell ratio of the organosol, the pigment used in making the toner, and the 
ratio of organosol to pigment In addition, preferred charge direction levels vrill also 
depoid upon the nature of the electrophotographic imagiiig process, particularly the 
design ofthe developing hardware and photorcceptive element Those skilled in the 
art, howew, know how to adjust the levd of duuge direction based on tiie listed 
parameters to achieve the desired results for thdr particular qiplication. 

The conductivity of a liqind toier has been wen establidied in the art as a 
measure of die efifectiveoess of a toner in devdoping electrophotographic images. A 
range of vahies fiom l.OxKT" mho/bm to lO.OxW" mho/fcrn has been disdosed as 
advantageous in U.S. 3,890,240. High conductivities generally indicate ineffident 
association of the charges on the toner partides and are seen in the low relationship 
between current density and toner deposited during devdopmoit Low conductivities 
indicate little or no charging of the toner particles and lead to very low devdopmeot 
rates. The use ofdiarge director compounds to oisuresufiBdait charge assodatedwifli 
each partide is a common practice. There ha% in recent times^ been a realization that 
even with the use of charge directors there can be much unwanted charge situated on 
charged ^pedes in soktion in the carrier liquid. Such charge produces ineffidency, 
instability and inconsistency in the development U.S. PatentNo. 4,925,766 disdoses 

that at least 40%, and preferably at least 80%, ofthe total charge in the liquid toner 
should be atuated and remain on the timer partides. 

Suitable eflSwts to localize the diarges onto the toner particles and to ensure that 
there is substantially no migration ofduBgefixMn those particles into the liquid, and that 
no othaunwanted dwrge rnoieties arc present in tiie liquid, give substantial 
in?m>vements. A measure oftiiereqdred properties is the ratb between the 
conductivily of the carrier liquid as it appears in the Uquid toner and the conductivity of 
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the liquid toner as a whole. This ratio is preferably less than 0.6, more pi^^ 
than 0.4, and most preferably less than 0.3. 

Any number of methods may be used for dBfecting particle size reduction of 
the pigment in preparation of the liquid toners. Some suitable mrthods inchide hi^ 
diearhomogenization, ball-milling, attiitor milling, high energy bead (sand) milling, 
basket miUiiq; or other means known in the art Fr^rably.themkismilledinan 
attritor, v^cal bead mill, or basket mill to avoid ovarsheaiing the organosol, which 
can cause an undesirable reduction in ink stability and advmely affect diarge 
characteristics such as ink conductivity. 

In electrophotographic and electrographic processes, an electrostatic unage is 
fonned on the sur&oeQfaph0torecq)tive debitor dielectric element The 
photoreceptive element or dielectric dement may be an intermediate transfer drum or 
bdt, or the substrate for tl^ final toned unag^ itself as described by Schmidt, S. P. , 

fln^ T T P in T^i^n^^lr nf Tn^5^glng Al^^^Miali^ Tliftmnnil^ A S.^ Ed! Marcd 

Dddcer New York; Chqyter 6, pp 227-252, and U. S. Patent Nos. 4,728,983, 
4,321,404, and 4,268,598. 

In dectrography, a latent image is typically formed by (1) placing a charge 
image onto the dielectric dement (typically the recdving substrate) in selected areas 
of the element with an electrostatic miting stylus or its equivalent to form a charge: 
linage, (2) applying toner to the diarge image, and (3) fbdng the toned im An 
example of this type of process is desoibed in U.S. Patmt No. 5,262,259. 

bnages formed by the present mvention may be of a dngle color or a pbrality 
of colors. Mdticolor images can be prepared by repetition of flie char^^iig and toner 
application steps. Bauiq>les of electrophotographic methods suitable for produdng 
full color reproductions are described by U.S. Patent Nos. 2,297,691; 2,752,833; 
2,986,466; 3,690,756; 4,403,848; 4,370,047; 4,467,334; 4,728,983; US. 5,650,253; 
U.S. 5,916,718; and European Patent Application No. 0,453,256. Examples of 
suitable transfix and fixing processes are described in U.S. Patent Nos. 4,337,303 and 
5,108,865. 

In electrophotography, fiie dectrostatic unage is typically formed ona drum or 
belt coated with a photoreceptivb element by (1) uniformly charging the 
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photoreceptive dement with an applied voltage^ (2) expnaing and discharging 
portions of the photoreceptive element with a radiation source to form a latent image, 
(3) appljdng a toner to the latent image to fonn a toned iniQge^ 
toned ima^throu^ one or more steps to afinal receptor sheet In some application^ 
it is sometimes desirable to fix the toned image using a heated pressure roller or other 
fixing methods known in the art. 

While the electrostatic charge of either the toner particles or photoreceptive 
element may be either positive or negative, dectrophotography is preferably carried 
oiit by dissipating charge on a positively charged photoreceptive element. Toner is 
then applied to the re^ons in which the positive charge was dissipated using a liquid 
tono: immersion development technique. Thisdevdopmentinaybeaccoiiq>lisliedby 
using a uniform electric field produced by a development electrode spaced near the 
photoreceptive element sur&ce. A bias voltage is applied to the electrode 
intermediate to the uiitialiy charged sur&ce voltage and the exposed sur&ce voltage 
level The voltage is adjusted to obtain the required maximum d^isityl 
rqprodu<^on scale for halfo>ne dots without any badqgrounddqxisit Liquid toner 
is. thm caused to flow between the electrode and the photorecqrtivedeme^ The 
diarged toner particles are mobile in the field and are attracted to the discharged areas 
on the photorecepdve element while bdng rq>elled fi:om the undischarged non-image 
areas. Excess liquid toner remaining on the photoreceptive element is removed by 
tedmiques wdl known m the art Thereafter, the photoreceptive element sur&ce may 
be force dried or allowed to dry at the ambient conditions. 

Particularly useful electrophotographic processes for forming a multi-colored 
image on a receptor are described mU.S. 5,061,583, U.S. 5,650,253 and U.S. 
5,916,718, which are incorporated herein by reference. The process disclosed in U.S. 
5,650,253 baacally involves the steps of Q applymg a uniform positive charge of 
appnndmately 700 volts on the sur&ce of a photorecq^trve element, (u) easing and 
partially dischargmg the sur&ce of the photoreceptive element with a laser scannmg 
device in an unage-wise pattwi to create a latent image, (ui) applying a liquid color 
ton^to the latent image to form both a toned image and auniform sur&ce charge on 
the photoreceptive element, (iv) removing excess liquid toner, (v) drying the toned 
image, and (vi) transf^ng the toned image either directly or indirectly onto a final 
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lecqrtor. TofoimiiiiiItiHX>lo]^imges,stq)sQtfa^ 

the desired colors are formed on the photorecqptive element prior to transfisniiig the 
images dtfaer directly or indirecdy onto a final lec^^ 

The process disclosed in U.S. 5,916,718 is similar to that of U.S. U.S. 
5 5,650,253, except that processes (ii) through (v) are repeated in formmg a nmlti* 
colored image. Unlike conventional electrophotographic processes, this process of 
forming multi-colored images may be acconq)lished without erasing the residual 
charge and rediarging the sur&ce of the photoreceptive element prior to scanning and 
developing a subsequent image. The liquid toner ofthe present invention provides 
10 sufficient diarge in the imaged areas to allow the creation of a subsequent latent 
imag^ without eiasing and rechargmg the sur&ce. Alternatively, the process of U.S. 
5,916,718 may be carried out in a manner sudi that steps (uHvi) are repeated in 
fomung a multi-colored images m which case the multi-colored image may be built up 
on an intermediate transfer element, or may be built up on the final image receptor. 

1 5 These methods make use of an offset transfer process incorporating as an 

element an intermediate transf^ roll^ which is coated with a silicone or 
fluorosilicone elastomer composition, ^lich is heated to between 80-lOO^C, and 
which applies a force of approximately 40-80 Ibf across the entire contact zone with 
the photoreceptor. One suitable coating composition for the transfer roller is the Dow 

20 Ckinui^ 94-003 fluorosiUcone elastomer heated to between Freforred 
elastomeric coating compositions are (tisclosed in U.S. 5,965,314, vMch is 
incorporated herein by reference. 

The substrate fer receiving the image fiom either the photoreceptive element 
in electrophotographic printing or the dielectric element in electrostatic printing can 

25 be any commonly used receptor matedal, such as pap^, coated paper, polymeric 
films and primed or coated polymeric films, particularly adhesive coated polymeric 
films. Suitable polymeric films include polyesters, plasticized and compounded 
polyvinyl chloride (PVC), acrylics, polyuretiianes, polyethylene/acrylic acid 
copolymm, SUEULYN and polyvinyl butyrals. Commercially available composite 

30 materials such as tiiose having tiie trade designations SCOTCHCAL, SCOTCHUIB, 
and Fi^AELEX are also suitable for preparing substrates. 
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The tiansfo of the fonned image fit)m the 
dielectric dement to the final leceptor or transfer medium may be enhanced by the 
incoiporation of a release-promoting matmal within the dispersed particles used to 
formtheimage. The incoipcuration of a stUcone-containiqg material o^ 
contaming material in the outer (shell) layo* of diepartide fiicilitates the effident 
transfo of the image. 

In multicolor electrographic imaging, the toners may be applied to the sur&ce 
of the dielectric dement or photoreceptive dement in any order, but for colorimetric 
reasons, bearing in mind the inversion that occurs on transfer, it is soinetim^ 
prefened to apply the images in a specified order depending upon the transparency 
and intensity of the colors. A preferred order for direct imaging or double transfer 
process is yd low, magenta, cyan and black; fer a single transfo process, the prefeired 
order is blade; cyan, mag e nta, and yellow, Ydlow is genmlly imaged first to avdd 
c ont a min a ti on fiom oth^ toners and blade is generally unaged last due to the blade 
toner acting as a filter of the radiation source. 

Ov^coating of the transferred image may optionally be carried out to protect 
the image from physical damage and/or actinic damage. Con^ositions for 
ov^coatings are well-known in the art and ^icdly conq)rise a dear film-forming 
polymer dissolved or suspended in a volatile solvent An ultraviolet light absorbing, 
agent may optiondly be added to the coating composition Lamination of protective 
layers to the image-bearing sur&ce is also well known in the art and may be used. 

In order to function most efifectively, liquid toners preferably have 
conductance vahies in the raqge of SO to 1200 picomho-cm'^ at ther woikiqg 
concentrations. liquid tonm prepared according to the present invention preferably 
have conductance vdues of fix)m SO to SOO picomho-cm'^ for a dispersion containmg 
3% by wdght solids. Toners are usually prq)ared in a concentrated form to conserve 
storage space and reduce tran^itation costs. In order to use the toners in the prints, 
the concentrate is diluted with additional carrier liquid to give what is termed the 
working strength liquid toner. 

These and other aspects of the present invention are demonstrated in the 
illustrative examples that &llow. 
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EXAMPLES 

GlMSiirv of Chemical Abbreviatiops & Chemical Soarccs 

The fotto wing raw matmals were used to prepare the polymers in the 
examples which follow: 

The catalysts used in the examples are Azobistsobutyronitrile (designated as 
AIBNund^ the trade designation VAZO-64 available fiomDiiPont CSbemicals, 
Wilmmgton, DE); and Dibutyl Tm IMlaurate (designated as DBTDI^ commmially 
available fiPomAldrich Chemical Co., I^waukee^Wl) The monomers are all 
commerdally available torn Sdentific Polymer Products, Jno., Ontario, NY unless 
designated otherwise. 

The monomers used in the examples are designated by the following 
abbreviations: Dimethyl-m-lsopropenyl benzylisocyanate (IMI, available from 
CYTEC Industries, WestPaterson, NI); Ethyl Acrylate (BA); 2-Ethylhexyl 
Melfaacryhite (EHMA); 2-Hydroxyelhyl Methacrylate (BEMA); and 3,3,5- 
trimethyl^clohexyl methacrylate (TCHMA). 

Analytical Test Mefliods 

The following test methods were used to dmractmze the polym^ s and inks in 
the examples that follow: 

Percent Solids of Graft Stabilizer, Organosol and Liquid Toner 

Percent solids of the graft stabilizer solutions, and the organosol and ink 
dispersions, were determined gravimetrically using a halogen lamp drying oven 
attachment to a predsion analytical balance (Mettler Instruments Inc., Hightstown, 
NI). Approxunately two grams of sample were used in each drtermmation of p^cent 
solids using this sample diydown method. 

Graft Stabaizer Molecular Weight 

Various properties of the graft stabilizer have been determmed to be important 
to fhe performance of the stabilizer, includmg molecular wdght and molecular wdglit 
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pcdjrdiq^eraty. Chaft stabilizer molecuW^v^ght is nonn^ 

the \veiglit avenge moleciilar (MW), while molecular vrngjiA polydispeisity is 

9v«i by the ratio of tiie w^ght avenge molecular wdght to 

molecular weig|it(M34^. Molecular weight parameters were detennined for gnft 

stabilizera with gel penneatioii chromatograplqr (GPC) using tetrahydrofiinm as the 

cairtesolvMit Absohtel^ was detennineduaiig a Dawn DSP-Flight scattering 

detector (Wyatt Technology Corp, Santa Barbara,CA), while polydispersity was 

evafaiated by ratioing the measured M„ to a vahie of M;, determined with an Optilab 

903 di£ferentiai refractometer detector (Wyatt Technology Coip, Santa Barbara, CA). 

O gpnoaol Particle Size 

Organosol particle size was detennined by dynamic light scatterii^ on a 
diluted toner sample (Really < 0.0001 gM) using a Malvern ZetasizerlH Photon 
Correlation Spectrometer Odatvemlnstnimaitslhc Soulhboiough, MA). Hie difaite 
san5)les were ultrasonicated one mimite at 100 watts and 20 IdloHz (kHz) prior to 
measurement Dynamic light scattering provides a fiat method of detetmuiing the 
particle trandational difRiskm coefficent, i^ch can be related to tiie z-ovecage 
partide diameter without detailed knowledge of the optical and physical properties 
(Le. refractive mdej^denaty and viscosity) of the organosol Details of the method 
are described in Cfau (Chu, B„ TjiMTSmArf«.p Academic Press, NY 1974, llA). 
Since the organosols are comprised of nearly monodi^erse, uniform spherical 
particles, dynamic light scattering provides an absohite measure of particle size for 
particles having diametera between 25-2500 nm. 

Li quid Toner Properties 

The diaractMization of a liquid toner requires tiie measurement of a number of 
physical and chemical properties of the toner, as well as dffect evaluation of image 
quality obtained by developmg the toner in a LEPnnagmg mechanism. The 
measured toner characteristics can be roughly broken down into size-related 
properties (particle size), charge-related properties (bulk and fiee phase conductivity, 
dynamic mobility and zeta potential, and diarge/developed reflectance optical density 
(Q/ROD), a parameter which is directiy proportional to the toner chaige^mass. 
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Particle Size 

Tonsr particle size distributions were determined using a Hbriba LA-900 laser 
diffi:actioni»rticledze analyzer (Boribal^ Toner 
samples were diluted appn»dmately 1/SOO by volume and sonicated for one minute at 
ISO watts and 20 kHz prior to measurement Toner particle size was expressed on a 
number-average basis in order to provide an indication of the fimdam^ital (primary) 
particle size of the ink particles. 

Toner ConH ugtiYitY 

The liquid ton^ conductivity (bulk conductivity, kb) was determined at . . 
approximately 18 Hz using a Scientifica model 627 conductivity meter (Sdentifica 
Instruments, Inc., Princeton, N]). In addition, the free (dispersant) phase conductivity 
(k^ in the absence oftoner particles was also detomined. Toner particles w^e 

removed from the liquid milieu by centrifrigation at S^'C for 1-2 hours at 6,000 rpm 
(6,110 relative cmtrifiigal fr)rce) m a JouanMR1822 centrifuge (Winchester, VA). 
The siq)eniatant liquid was then carefiiUy decanted, and the conductivity of this liquid 
was measured using a Sdentifica Model 627 conductance m^. Thepmentageof 
free phase conductivity relative to the bulk toner conductivity was tl^ de 
100% (Mq>). 

Particle Mobility 

Toner particle electrophoretic mobility (dynamic mobility) was measured 
using a Matec MBS-8000 Electroldnetic Sonic Amplitude Analyzer (Matec Applied 
Sdences,Lic.,HE>iddnton,MA). Unlike dectrokinetic measurements based iq>on 
microdectroph(»:esis, the MBS-8000 mstrum^ has the advantage of requiri^g Ilo 
dilution ofthe toner sample m order to obtam the mobility value. Tfaus,itwas 
possible to measure toner particle dynamic mobility at solids concentrations actually 
preferred in printing. The MBS-8000 measures the response of charged partides to 
high frequency (1.2 MEb) alternating (AC) electric fidds. Li a high frequency AC 
electric field, the relative motion between charged toner particles and the surrounding 
dispersion mediimi (including countor-ions) generates an ultrasonic wave at the same 
frequency of the applied electric field. The amplitude of this ultrasonic wave at 1 .2 
lAHz can be measured using a piezoelectric quartz transducer; this electrokinetic 
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sonic amplitude (ESA) is directly propoitional to the low field AC electrophcvetic 
mobility of the particles. The partidezeta potential can theii be computed by fhe 
instrument fiom the measured dynamic mobility and the known toner particle size^ 
dispersant liquid viscosity, and liquid dielectric constant 
Particle Charge 

Toner chaige/mass is an important albeit difficult to determine parameter 
usefiil in predicting the development characteristics (e.g. optical density, overtoning 
uni£bnmty)fi>r liquid toners. The difficukmdetmningchaige^mass for liquid 
toners arises fiom the low devdoped ttmer mass (typically 50-200 miaro giams/cm^ 
assodated widi the desired developed optical dendties (typically > 1.2 reflectance 
optical den^ units). A related parameteriwfaichb directly proportional to ton^ 
diaige/mass is the toner cfaarge/devdoped optical denaty. This parameter ^ras 
determined by platti^ ink particles in distinct bands covering a range of known 
plating potentials onto a dielectric sheet coated with a silicone release layer while 
simiiltmeouslynu>nitormgae total cunient flow Tvith a sensiti^^ The 
resulting plated ton^layer was then air dried and transferred usmg an offset transfer 
process to plain pap^. The rdlectance optical density of the completely trans&red 
toner film on paper was detmnined using a Greteg SPM50 reflectance optical 
d«isitometer (Greteg Instruments Lie, Regaisdor^ Sitzerland). The ratio of the total 
current to the product of the plated toner area and the developed optical density yields 
the diarge/ROD value for that toner, i.e. Charge^OD » (Total Current)/[(Plated 
AreaXRefiectance Optical Density)]. 

Graft StabBmrs 

In the fi>llowing example of graft stabilizer pi^Kuadon, it will be convenient 
to summarize die compoiutional d^ails of eachparticular graft stabilizer or graft 
stabilizer precursor by ratioing the weight p^centage of monomers employed m the 
synthesis. For example, a graft stabilizer designated EHMA/HEMA-TMI (97//3-4.7 
%w/w) is made fiom a graft stabilizer precursor which is a copolymer consisting of 
97% weight percent EHNfA and 3% weight percent HEMA, to which is covalently 
bonded a grafting site consistmg of 4. 7 weight percent TMI based on the total weight 
of the graft stabilizer precursor. 
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EiamDlc 1 

A 5000 mi 3 -necked round bottom flask equipped with a condenser, a 
diermocouple connected to a £^ital temperature controller, a nitrogen inlet tube 
connected to a source of dry nitrogen, and an oveiliead mechanical agitator, vm 
5 charged with a mixture of 2561 g ofNQRPAR 12 soh^ent, 849 g of EHMA, 26.8 g of 
96% HEMA, and 8.3 1 g of AIBN. While mechanically stining the mixture, the 
reaction flask was purged with dry nitrogen for 30 minutes at a flow rate of 
approximately 2 liters/min. A hollow glass stopper was then inserted into the op&i 
end of the condenser and the nitrogm flow rate was reduced to approximately 0.5 
10 litera/mut The mixture was heated to 70^C for 16 hours^ at wUdi tune the converse 
was quantitative. 

The mfacture was heated to 9(f C and held at that t»ipCTture for 1 hour to 
destroy any reudual AIBN, tlien wbs cooled back to TO'C. The nitrogen mlet tube 
was thm removed, and 13.6 g of DBTDL were added to the nuxture, followed by 

15 41.1gofTML The TMI was added drop wise over the course of approxiniately five 
minutes while magnetically sdrring the reaction rnixture. The nitrogen inlet tube was 
replaced, the hollow glass stopper in the condenser was removed, and the reaction 
flask was purged with dry nitrogen for 30 minutes at aflowrate of approximately 2 
liters/min. The hollow glass stopper was reinserted into the opra end of the 

20 condraser and the nitrogen flow rate was reduced to approximately 0.5 lit^min. 
The nuxture was allowed to react at 70^C for 6 hours, at which time the conversion 
was quantitative. 

The mixture was then cooled to room ten^erature. The percent solids of the 
liquid mixture was determined as 26.0% usmg flie mfiared drying method describe 
25 above. Subsequent detenminationofmolecularwdght was made usmg the GPC 

method described above. The copolymer has a Mw of 199,000 Da and M^/M^of 2.93. 
The product is a copolymer of EHMA and HEMA having random side chains of TMI 
and is designated as BHMA/HEMArlML (97/3-4.7% w/w). 

Organosol Examples 

30 In flie following examples of organosol prq>aratioii, it will be convenient to 

sunmiarize the con^osition of the organosol in terms of the ratio of the total wdgbt of 
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monomers comprising the organosd core rdative to &e total weight of monomere 
comjpridQgtiieoisanosolshelL Tiieiatbisrefenedtoastliecore/didlnittooflb^ 
oigaiiosoL In addition, it iiiiU be iisefid to somniarizetiiecc^ 
eadi particular (MBmosol by nitioing tiiewM^ pereentages of monomera used to 
create the shdl and tile core. For example, an otganosoi designated EHMA/BEMA.- 
TMI//MMA/EA. (^/3-4.7//25/75 % w/w) is made &nn sheU comprised of graft 
stabilizer precursor v^iidi is a copolymer consisting of 97 weight percent of EEDMA. 
and 3 weight percent ofHEMA, to which is covalently bonded a grafting site 
consistiqg of 4.7 weight percent of TMI based on tiie total weight (tf graft stabilizer 
precursor. The graft stabilize is covalenfly bonded to a core that is comprised of 25 
wdtght percent MMA. and 75 weight percent of EA. 

This example ilhistiates tiie use of tiie gnift Stabilizer u Example 1 to pre^ 
anoiganosolwitiiaoore^shelliatioofS/l. A 5000 niL3-4)eeked round bottom flask 
eqi^yped witii an overhead mechanical stirrer, condoisa^, a titermocotqple connected 
to a distal ten^erature conboller, and a nitrogai mlet tube connected to a source of 
dry nitrogen was diarged witii a mixture of 2943 g of NORPAR 12 solvent, 179.5 g 
of the graft stabilizer from Example 1 at 26.0% solids, 1 13. 1 g of TCHMA, 65.3 g of 
MMA, 196 g ofEA, and 6.3 g of AIBN. WhUe mechanically stirring, tiie reaction 
flask was puiged witfi dry nitrogen for 30 minutes at a flow rate of approximately 2 
litaVminute. The nitrogen flow rate was then adjusted to approximately 0.5 
liters/min. The mixture was heated to 70"C with stirring, and allowed to polymerize 
at 70^C fin- 16 houxs^ at which time tiie oiganosol was coded to room teaq)eratuie. 

AppRxrimatdy 350 g of n-heptanewesre added to tiie coded organosol and the 
resulting mixture was stiqiped of reddual monomer usnng a rotary evaporator 
equipped witii a dry ice/acetone condenser and operating at a tanperature of 95°C, 
and reducmg tiie vacuum gradually so as to maintain an adequate condraisate 
collection rate to ^proximately 15 mm Bjg. The stripped organosol was cooled to 
room temperature, yielding an opaque white dispersioa 
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This organosol is designated EHMA/HENlArTNOZ/TCmiA/NfM^ (97^- 
4.7//30/18/S2 % w/w) having a calculated core Tg equal to 24^C. DSC (differential 
scanning caloiimetry) showed the measured Tg to be 17.2X. The percent solids of 
this organosol was detainined as 16.75% using the halogen drying method outlined 
above. Subsequent deteimumtionofaver^gepartidenK was made ua^ 
(^^nainic light scatteripgrnedioddesaibed above. The organosol had a z-average 
diameter of 122 nm. 

Comparative Example A 

The procedure of Exaiq[ile 2 was Mowed.except that the organosol was 
prepared by reactiiig the graft stabilizer wi& 93.3 g MMA, 280 g EA^ 
AraN. The resulting organosol is designated EHNiA/EDBI^^ 
4.77/25/75% w/w) having a calculated core Tg equal to -l^C. DSC (differential 
scanning calorim^) showed the measured Tg to be 5.T^. The percent solids of this 
organosol was determined as 16.0% usii^ the halogen drying mrthod oudined above. 
Subsequent determination of average particle size was made using the dynamic light 
scattering method described above. The organosol had a z-average diameter of 220 

laqni^iTonyi-BhcftmpIca^ 
Example 3 

This is an example of preparing a black liquid toner at an organosol/pigment 
ratio of 6 using the organosol prepared in Example 2 at core/sheU ratio of 8. The 
organosol of Bcample 2 was mbced using a Sihr^^on mix^ (Model L22R, Silverson 
niachines. Ltd, Waterside, England) operated at the lowest speed setting. After 
mixing for 5 minutes, 184.2 g of the homogenized organosol at 16.75% (w/w) solids 
inNOBPAR 12 solvent were combined with 106.6 g ofNOBPAR 12 solv^ 5.14 g 
of Mbnardi 120 carbon black (Cabot Corporation, Billerica, Mass.), and 4.03 g of 
5.11% 2rconmm HEX^IEM sohition (OMG Chemical Conqiany, Cleveland, Ohio) 
in a 16 ounce glass jar. This mbdure was then miUed in a 0.5 lite^ 
(Model 6TS&1/4, Annex Co.,Ltd., Tokyo, Japan) charged with 390 g of 1.3mm 
diameter Potters glass beads (Potters Industries, Inc., Parsippany, NT). The mill was 
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<q)emed at 2000 ipm for 1.S hours ^(rii^^ 
cooling ja(^ of the milling chambar. 

A portion of this 12% (w/w) soKds toner OTocenlrate was diluted to 
approximately 3% (w/w). This dihite toner sample exhibited the following properties 
as determined using the test methods desoibed above: 

Vltmiber Mean Particle Size: 0.324 fflicron 
Bulk Conductivity: 272 picoMhoa/bn 
Penxnt Free Phase Conductivity: 24% 
Dynamic Mobility: 0.0412 micronrcm/[Volt-second|] 

This working strength toner was tested on tfie plating apparatus described 
previously. The reflection optical density (ROD) was greattt than 1.2 at phting 
voltages greats- than 4S0 volts. 

Comnarative ICrainp to ^ 

A liquid toner was prqwred followmg the procedure of Example 3 except that 
192.9 g of tile homogenized organosol fiom Comparative Example A at 16.0% (wAv) 
solids inNQRPAR 12 solvent were combined witii 96.5 g of NORPAR 12 solvent, 
5.14 g ofMbnarch 120 carbon black, and 3.34 g of 5.1 1% Zirconhim HEX-CEM 
sohition to form the organosol A portion of tiie 12% (w/w) soUds toner concentrate 
was dihited to approxunatdy 3% (w/w). This dilute toner sample exhfljited tiie 
following properties as detemuned usiiig tiie test metiiods described above: 

I^umber Mean Particle Size: 0.241 micron 

Bulk Qmducticvity: 204 picoMhoa/cm 

Percent Free Phase Conductivity: 5% 

Dynamic Mobility: 0.0412 micnon-cm/CVolt-second] 

This working strengtii toner was tested on tiie plating apparatus described 
previously. The reflection optical denaty (ROD) was greater than 1.3 at plating 
voltages greater than 450 volts. 

Blocking Testing 
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Laser printed solid blocks (100% coverage, optical density = 1.3) of the toners 
from Exan^Ie 3 and Con^arative Example B were printed on ordinary iincoated A4 
paper (Xecox 4200 copier paper) and tested according to ASIM test method D1146 in 
a humidity chaniber at 48±1X and 75% relative humidity for 24 hours. 

At the end of diis period, the uik hnages printed ufflng the toner from E}^^ 
3 showed no adhesive blockmg or image daniage when fhe image and paper we^ 
separated. SUgfat cohesive &ihire was observed for this ink but no image damage 
observed when the sheets were separated. 

In contrast, the ink images printed using the tonar from Comparative Example 
B diowed adhedve bloddng (ink to pap^ bloddng, as would be obs^ed in a printed 
stack of angle-sided images, le. front to bade), but showed no image damage vfdien 
the ims]^ and paper were sq)arated. Cohe^vefiulurewasobsairedfortheink 
images (mk to ink blocking), as would be observed in a printed stack of duplexed 
sheets. In addition, image damage was observed when the dieets wore separated. 

A number of embodiments of the invention have been desoibed. 
Nevertheless, it will be unda'stood that various modifications may be made without 
dq[iarting from the spirit and scope of the invention. Accordingly, oth^ embodiments 
are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

L An organosol disp«:sion comprising: 

(a) a canier liquid havuig aKaiui-Butanol number le^ 

(b) a graft copolymer comprising a (co)poiymeric steric stabilizer covalently 
bonded to a thennoplastic (co)polymeric core that is insoluble in said carrier liquid, 

wberdn said thennoplastic core comprises units derived fiom 3,3,5- 
trimethyl^dohexyl mediacrylate. 

2. An organosol dispersion according to daim 1 vdimin said di^sdon fiirther 
comprises a colorant 

3. An Qiganosol dispersion according to any ofthe preceding claims wherein 
core comprises 1-30% by weight of said 3,3,5-trimethylcyclohexyl methacrylate 
units. 

4. An organosol diqyermonacconiuig to aiqr of the precedmgcla^ 

core fiulher comprises uruts selected from the group consistuag of Ci - Cs aoylate 
and methacrylate est^s^ styrene, and vinyl acetate. 

5. An gdorganosd dispersion accordii^ to any of the precedii^claiw 
said disperaion has a solids content of at least 2% by wdght 

6. An organosol dispersion according to daim 1 wherein the ratio of said core to 
said stabilizer on a wdght to wdght basis is b^een 1/1 and lS/1. 

7. An organosol dispersion accordii^ to daim 2 wherein sdd colorant oon:^)ri^ 
a pigment 

8. An organosol di^ertion according to daim 7 wherein the ratio of said graft 
copolymer to said pigment on a wdght to weight basis is between 1/1 and 20/1. 

9. An organosol dispersion according to any of the precedirig clauns wherdn said 
dispersion fiirth^ comprises a charge dnector. 
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